Previous studies have shown that the crude ethanol extract and its ethylacetate fraction of the plant Eupatorium fortunei Turcz strongly inhibited the growth of a harmful freshwater cyanobacterium Microcystis aeruginosa. However, the perspective of using these plant extracts as alternative algicides takes into account their potential risks to other species in aquatic ecosystems, including Daphnia magna. The current study presents the acute toxicity of the extracts to D. magna. The median lethal concentrations, immobilizing 50 % of D. magna, (LC 50 ) after 24 and 48 h of the ethanol extract were 247 and 183 mg L -1 , respectively. In the exposure to ethyl acetate fraction, the values of 24h-LC 50 and 48h-LC 50 were 47 and 13 mg L -1 , respectively. The values of dissolved oxygen (DO) and pH in the control and treatments had little change during the 48-hour experiment period, fluctuating from 6.44 ÷ 7.90 and 6.07 ÷ 7.78 mg L -1 , respectively, and they were still good conditions for D.magna growth. Finally, these results prove clearly that the ethyl acetate fraction is more toxic to the freshwater cladoceran than the ethanol extract. To our knowledge, it is the first report of the acute toxic estimation of E. fortunei extracts to zooplankton species, D. magna. Chronic toxicity of these extracts to D. magna needs to be studied in next step.
There has been various concerns on mass development of cyanobacteria in freshwater bodies due to their notorious impacts on aquatic ecosystems and human health through out the world [1] . Therefore, means of mitigation and control cyanobacterial bloom have been attracted by ecologists and environmentalists. Recently, methods to control cyanobacterial bloom and growth in fresh water ecosystem by using plant extracts have been investigated and introduced [2] . Among the cyanobacterial species, Microcystis aeruginosa is the most common species responsible for the water blooming and intoxication incidents. The previous investigations [3, 4] indicated that the plant extracts from Cyperus rotundus, Chromolaena odorata, Callisia fragrans and Eupatorium fortunei with their concentrations from 4 to 500 µg.mL -1 effectively inhibited the growth of M.aeruginosa. Among the extracts, Eupatorium fortunei showed the highest anticyanobacteria properties at the concentration of 500 µg.mL -1 with the inhibition efficiency (IE) of 95.5 % which were comparable with that of CuSO 4 at 5 µg.mL -1 (IE of 81.7 %) [4] . Moreover, the extract was higher toxic to M. aeruginosa (IC 50 of 119.3 µg.mL -1 ) than to other green algae such as Chlorella vulgaris (IC 50 of 315.1 µg.mL -1 ).The ethyl acetate and water fractions from E. fortunei were also tested to combat the growth of the phytoplankton community and Microcystis population collected from the Hoan Kiem lake [5] . The authors reported that the significant inhibition of phytoplankton and Microcystiscell density was observed when the phytoplankton exposed to the ethyl acetate fraction at the concentration of 500 µg mL -1 for 14 days. The IE value was 34.5 % for the Microcystis population, which was much higher than that for the phytoplankton (IE of 16.3 %). In term of the water fraction at 500 µg mL -1 , it showed the lower toxicity to both Microcystis species and phytoplankton with IE of 0.76 and 15.4 %, respectively. In another investigation, the toxicity of the extracts from E. fortunei to duckweeds (Lemna minor and Spirodella polyrhiza) was tested as representatives of sensitive non-target aquatic organisms to evaluate environmental safety [6] .The significant growth inhibition of the extract on M.aeruginosa was reported at the 500 µg mL -1 while L.minor was slightly affected by the extracts at the same concentration with IE of 25 % and S.polyrhiza was stimulated to about 5 % through fresh weight determinations. To provide a clear insight into the environmental safety of the E. fortunei extracts using as potential antialgal substances, their influenceson other non-target aquatic organisms need to be studied. Many species are used as the model organism for toxicity assessment such as green alga (Ankistrodesmusconvolutus and Scenedesmusquadricauda), duckweeds (L. minor, S. polyrhiza), freshwater cladoceran (D. magna), and phytoplanktons [6, 7, 8] . D. magna is the typical species in the toxicological studies and is used extensively in the studies evaluating the safety of plant extracts. This study aims to evaluate the acute toxicity of the ethanol and ethyl acetate extracts from E. fortunei to D. magna.
MATERIAL AND METHOD

Daphnia magna laboratory culture
Daphnia magna Strauss was purchased from MicroBioTests Inc., Belgium and used for the bioassay. This animal was raised in ISO medium containing CaCl 2 , KCl, NaHCO 3 and MgSO 4 dissolved in reverse osmosis water (OECD, 1998). Daphnia magna was fed with a mixture of green algae Chlorella sp. and YTC (US.EPA, 2002). The organisms were kept at the temperature of 20 ± 2 °C and under a light density of around 1000 Lux and a photoperiod of 14 h light and 10 h dark.
Preparation of different extracts from E. fortunei
The aerial parts (leaves and stem) of Eupatorium fortunei; collected in January 2016 from Hoa Binh province and Soc Son district, Ha Noi, Viet Nam; were used for the experiment. The cleaned material was dried at room temperature to constant weight (5.19 kg), cut into small pieces and then ground into powder. Then, the powdered material was immersed separately in ethanol solvents 96 % (5L × 3 times) and subsequently macerated for two days at room temperature (23 ± 25 0 C). The combined extracts were concentrated under vacuum to obtain the crude residue. This extract was resuspended in distilled water (2 L) and successively partitioned in hexane (1 L × 3 times) and ethyl acetate (1L × 3 times). Ethanol, ethyl acetate and hexane solvents were products of Merck (Germary). The ethyl acetate organic layers were concentrated to give ethyl acetate fraction, respectively. These extracts were kept at -5 0 C for two weeks until use.
Acute toxicity test procedure and median lethal concentration calculation
Prior to conducting the experiment, fifty female D. magna were incubated in a beaker containing 500 mL ISO medium, and fed ad libitum with Chlorella sp. and YTC (OECD, 1998; US.EPA, 2002) over a period of two weeks in the laboratory conditions as mentioned above. The acute test was performed according to the US.EPA. (2002) . Briefly, the D. magna neonates (< 24 h old) from the second or third brood were used for the acute test. The neonates were fed (green alga and YTC) ad libitum for 2 h before the test, but not during the exposure time. The neonates were exposed to either the ethanol crude extract at 7 different concentrations or the ethyl acetate fraction, from 0 to 400 µg ethanol extract mL -1 from 0 to 160 µg ethyl acetate fraction mL -1 . In each concentration, ten neonates were introduced into a flask containing 40 mL of ISO medium, and four replicates were prepared. The acute test was run in the dark and the death of animals was checked, and dead neonates were removed every 24 h or 48 h. The dead of neonates was confirmed by the stop of heart beat observed on a microscope [9] . The mortality data were utilized for determining median lethal concentration (LC 50 ) via EPA Probit Analysis Program.
RESULTS AND DISSCUSSION
Acute toxicity of the ethanol extract and ethyl acetate fraction from E. fortunei on D.magna
After 24 hours of ethanol extract's exposure, the mortality percentage of D. magna fluctuated from 0 % (for the control did not expose to the extract) to 85 % (for the sample adding the extract at 360 µg.mL -1 ) and reached to 100 % (for the sample under the treatment of 400 µg.mL -1 ). The mortality rate of D.magna was fastly increased after 48 hours exposure to the extract. In detail, the sample exposed the extract at 360 µg.mL -1 had already led to 100 % death of D. magna. Obviously from the Figures 1 and 2 , the ethyl acetate fraction was greater toxic to D.magna than the ethanol extract. At the concentrations of 160 and 120 µg.mL -1 the ethyl acetate fraction killed all D.magna with mortality rate reached to 100 % after 24 and 48 hours, respectively. The 24h-LC 50 and 48h-LC 50 of the ethanol crude extract to D.magna were 247 and 183 µg.mL -1 , respectively. However, those of ethyl acetate fraction were just 47 and 13 µg.mL -1 , respectively (Table 1) . To the best of our knowledge, no previous study was conducted to evaluate acute toxicity of E. fortunei extracts to D. magna. However, Huang et al. [10] . In our case, the ethanol extract from E. fortunei was less toxic to D.magna than the aqueous extracts from D. lactucoides and S. canadensis. However, our ethyl acetate fraction indicated the most toxic to D. magna of all. The high total phenolic compounds of the ethyl acetate fraction could be responsible for the higher antibacterial and antifungal properties as well as more toxic to D. magna compared to the ethanol extract [11, 12] .
Effect of the extracts on environmental variables DO and pH of the culture medium
There was no significant change in the DO and pH values during the 48 hours of experiment (Tables 2 and 3 ). The DO and pH of the samples exposed to ethanol crude extract at the concentrations of 0 ÷ 360 mg L -1 fluctuated from 6.83 to 7.92 mg L -1 and from 6.15 to 7.78, respectively, and those exposed to ethyl acetate fraction at the concentrations of 0 ÷ 160 mg.L -1 were 6.44 ÷ 7.88 mg.L -1 and 7.03 ÷ 7.77, respectively. [13] . In term of pH of the culture medium, it is important to aquatic life since it affects the normal physiological functions of aquatic organisms, including the exchange of ions with the water and respiration. According to the previous study, at the pH of 8.33, group of D. magna recorded the highest survival and growth rate and the optimum condition is from 7.9 to 8.3. When pH decreased from 4.66 to 4.44 and increased pH from 10.13 to 10.55 leading to the decrease in survival and growth rates of Daphnia species. In our study, the DO and pH values during the 48-hour experiment were in suitable range for D. magna growth [14] . Depending on the chemical composition of the plant, the pH of the sample-treated solutions could increase (flavonoid, alkaloid components) or decrease (in case of phenolic compounds). In our case, pH values of all treatments were slightly lower than those of the controls at the beginning and after 48 hours. It may be explained by the presence of similar compounds such as polyphenolic compounds in both ethanol extract and the ethyl acetate fraction. The difference in composition and ratio of flavonoids and phenolic acids in these extracts which led to the several chemical processes such as oxidation or reduction may occur which could be responsible for the changes in pH values [4, 11, 12] .
CONCLUSION
The present work indicated that the ethanol extract and its ethyl acetate fraction of Eupatorium fortunei Turcz had the different acute toxicity to D. magna after 24 and 48 hours of exposure. The ethanol extract was less toxic to D. magna with LC 50 -24h and LC 50 -48h of 247 and 183 mg.L -1 , respectively. In terms of ethyl acetate fraction, the values of LC 50 -24h and LC 50 -48h were 47 and 13 mg.L -1 , respectively. The values of dissolved oxygen (DO) and pH in the control and treatments measured during the 48-hour experiment period were still in the suitable ranges for D.magna growth.
